COMPARATIVE  ANALYSIS  OF 


PART-TASK  TRAINERS  FOR 
U.  S.  ARMY  HELICOPTER  MAINTENANCE 


TRAINING 


Raymond  E.  Reilly 


*s*>*wr»n . 


‘ 


TRAD# 


prepared  for: 

US  ARMY 

PROJECT  MANAGER  FOR  TRAINING  DEVICES 
NAVAL  TRAINING  EQUIPMENT  CENTER 
ORLANDO,  FLORIDA  32813 


i'<  MAR  23  igrr 

I * . • • 

;L 


ALIEN  CORPORATION  OF  AMERICA 


January  1977 


DISTRIBUTION  Stftq 

Approved  for  pubtto 


The  contents  of  this  publication  are  not  to  be  construed  as  an 
official  Department  of  Army  position,  unless  so  designated  by  other 
authorized  documents. 

Citation  of  manufacturer's  or  trade  names  does  not  Institute  an 
official  endorsement  or  approval  of  the  use  thereof. 

Destroy  this  report  when  no  longer  needed.  Do  not  return  It  to 
the  originator. 


r — 


Unclassified 

SECURITY  CLASSIFICATION  OF  This  PAGE  l-HTon  Dmta  Enlcrod) 

I REPORT  flOEUMENTATION  PAGE 


PM  TRAt>E  W-c-<!>©q3-l 


|2.  GOVT  ACCESSION  NO. 


|4|_  TiXLS  (m%d  Subtitle)  V?. 

f Comparative  Analysis  of  Part-Task  Trainers  for  j F,  . 

j U.  S.  Army  Helicopter  Maintenance  Training*  l j 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

3 RECIPIENT'S  CAT  ALOG  NUMBER 


..type  of  report  a period  covered 


7.  authors; 

1 Raymond  E 


./Reilly/ 


Ph.  D. 


MewruRMiircum..  report  number 

AC-77-0143  Y 

C5WTRA4t  or  grant  number^ ») 


N61339-C-76-0098 


9 PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Allen  Corporation  of  America  / 
517  South  Washington  Street  ^ 
Alexandria,  Virginia  22314 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Project  Manager,  Training  Devices 
Naval  Training  Equipment  Center 
Orlando,  Florida  32813 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  & WORK  UNIT  NUMBERS 


T2.  REPORT  DATE 


January  15,  1977 

13.  NUMBER  OF  P ~ 

50  1 ' J 


14.  MONITORING  AGENCY  NAME  a AQDRESSflf  different  from  Controlling  Office) | 15.  SECURITY  ‘CVA'SS.  (of  this  ftpofl)' 


ftn&T-  7&&££l  7 


[ 16.  DISTRIBUTION  STATEMENT  (of  this  Report) 


Unclassified 


I5a.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


Approved  for  public  release;  distribution  is  unlimited. 


[17. DISTRIBUTION  STATEMENT  (of  the  abstract  entered  in  Block  20,  if  different  from  Report ) 


18  SUPPLEMENTARY  notes 


19.  KEY  WORDS  (Continue  on  reverse  side  if  necessary  end  identify  by  block  number) 

Part-task  trainer,  training  device,  maintenance  training,  helicopter 
maintenance,  rotary-wing  aircraft  maintenance,  maintenance  training 
simulators. 

_ /:  ' 

20.  ABSTRACT  (Continue  on  reverse  aide  If  necessary  end  identify  by  block  number) 

~ A series  of  28  actual  equipment  trainers,  systems  trainers  and  panel 
devices  currently  used  in  U.  S.  Army  helicopter  maintenance  training  were 
analyzed  to  develop  recommendations  for  device  improvement  through  modifica- 
tion, augmentation  or  substitution.  The  analysis  included  on-site  interviews 
of  helicopter  maintenance  instructors,  examination  of  hel icopter  mishap  data 
related  to  maintenance  error  and  a review  of  the  state  of  the  art  in  training 
technology.  To  synthesize  the  information  obtained,  a generic  classification 
scheme  for  training  devices  was  developed  and  individual  profiles  of  devices 


JANETS  1473 


EDITION  OF  I NOV  «»  IS  OBSOLETE 


Unclassified 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dml*  Enlrrrr- 


SECURITY  classification  OF  This  PAOEPWl. 


DM  Bntmnd) 


1 


were  prepared  using  21  operationally  defined  criteria. 


It  was  concluded  that  substantial  cost-training  benefits  could  be 
achieved  through  propitious  use  of  programmable  simulation  systems  that 
employ  microprocessor  technology,  modular  construction  and  flexibility 
in  display  capability.  Specific  recommendations  were  made  accordingly. 

\ 


t 


Unclassified 

URlTy  CLASSIFICATION  Or  THIS  RAOtrVkm  D»i» 


ABSTRACT 


A series  of  28  actual  equipment  trainers,  systems  trainers  and 
panel  devices  currently  used  in  U.  S.  Army  helicopter  maintenance 
training  were  analyzed  to  develop  recommendations  for  device  improve- 
ment through  modification,  augmentation  or  substitution.  The  analysis 
included  on-site  interviews  of  helicopter  maintenance  instructors, 
examination  of  helicopter  mishap  data  related  to  maintenance  error 
and  a review  of  the  state  of  the  art  in  training  technology.  To 
synthesize  the  information  obtained,  a generic  classification  scheme 
for  training  devices  was  developed  and  individual  profiles  of  devices 
were  prepared  using  21  operationally  defined  criteria. 

It  was  concluded  that  substantial  cost-training  benefits  could 
be  achieved  through  propitious  use  of  programmable  simulation  systems 
that  employ  microprocessor  technology,  modular  construction  and 
flexibility  in  display  capability.  Specific  recommendations  were 
made  accordingly. 


-'SIS’!  (!* 


.;ra 


Whit*  Section 

Siiif  Secllu* 


iTY  COOES 
VECMt 


in 


D D C 

• — i . — .i — nn  nr 


'A  MAR  23 

in 

P ni?fnY 

tsrrr 

IJ  UiblijkLi  1/  LWHJ 

D 


* 


ACKNOWLEDGEMENTS 


Sincere  appreciation  Is  expressed  to  the  many  instructors, 
training  supervisors  and  other  members  of  the  U.  S.  Army  training 
and  aviation  safety  community  for  their  unreserved  cooperation  in 
the  conduct  of  this  study. 

We  are  also  most  grateful  to  PM-TRADE  for  providing  continuous 
guidance  and  support  throughout  the  project. 

Finally  we  wish  to  thank  the  many  members  of  the  training 
device  industry  who  contributed  their  comments  and  information  to 
our  effort  to  appraise  the  state  of  the  art  in  this  field. 


iv 


TABLE  OF  CONTENTS 


Paragraph  1.0  INTRODUCTION  

2.0  PROCEDURE 

2.1  Training  Device  Classification  Scheme.  . . 

2.2  Descriptive  Characteristics  of  Training 

Devices 

2.3  Training  Devices  Selected  for  Study.  . . . 

2.4  Interview  Format  

2.5  State  of  the  Art  in  Training  Technology.  . 

2.6  Helicopter  Mishap  Data  Related  to 

Maintenance  Training  

3.0  RESULTS 

3.1  On-site  Review  of  Training  Devices  and 
Interviews  of  Instructor  Personnel  . . . . 

3.2  Training  Device  Profiles  

3.3  Review  of  the  State  of  the  Art  in 

Training  Technology 

3.4  Helicopter  Mishaps  Related  to  Maintenance. 

4.0  DISCUSSION  

5.0  CONCLUSIONS 

6.0  RECOMMENDATIONS 

7.0  REFERENCES  

APPENDIX  A 


APPENDIX  B 


1.0  INTRODUCTION 


r 


\r 


t*  1 
' 


r I 

| 


: 


r 


i 


W.  i.  IJJUPHJJ.WI  ■. 


Over  the  past  several  years  there  has  been  a rapid  growth 
in  the  level  of  engineering  sophistication  and  complexity  of  U.  S. 

Army  rotary  wing  aircrat  This  growth  has  been  accompanied  by 
increased  system  and  subsystem  costs  and  increased  Jo  lands  for 
highly  skilled  maintenance  personnel  The  Army's  inventory  of 
rotary  wing  aircraft  currently  includes  seven  types  of  helicopters 
as  shown  in  Figure  i.  The  missions  of  these  aircraft  include  delivery 
of  weapons  fire  support  (AH-1G/Q),  air  transportation  of  troops  and 
cargo,  and  rescue  of  personnel  (CH-4'1 , movement  of  ueavy  equipment 
(CH-54),  observation  and  reconnu  is:  anc.a  (0H-6A;  0H-53A),  transport 
of  personnel,  equipment  and  supplies  (UH-1D/H)  and  flight  training 
(TH-55A). 

The  Increasing  ..ost  and  complexity  of  these  systems  make  the 
use  of  operational  equipment  1 >r  maintenance  training  less  and  less 
feasible.  At  the  same  time  the  need  for  effective  and  efficient 
maintenance  training  continues  to  increase.  Thus,  ic  is  imperative 
that  cost/training  effective  alternatives  to  operational  equipment 
for  training  be  found  and  that  existing  training  devices  be  made  as 
effective  as  possible.  The  present  s jdy  was  conducted  to  develop 
practical  recommendations  in  this  regard  based  on  (1)  an  cn-site  review 
of  existing  mainte  once  training  devices  arid  interviews  of  instructor 
personnel,  (2)  a survey  of  the  state  of  the  art  in  training  technology 
and,  (3)  an  analysis  of  helicopter  mishap  data  related  to  maintenance. 

Ihe  results  indicated  I at  significant  cost/treining  benefits 
can  be  achieved  by  increased  utilization  of  contemporary  simulators. 
Such  devices  can  reduce  the  number  of  arge, actual  equipment  trainers 
needed  and  ran  replace  the  majority  of  tr,  ditional  panel  boaros  and 
other  non -interactive  devices  that  an  suitable  only  for  classroom 
lecture/demonstration. 
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The  devices  cui rently  employed  in  training  helicopter  main- 
tenance personnel  range  from  full  sea  <•'  configurations  of  operational 
and  simulated  equipment  that  closely  approximate  actual  aircraft, 
to  relatively  simple  static  displays  and  ■'ami  boards.  By  virtue 
of  its  design,  each  type  of  device  proviocS  a particular  set  of 
training  capabilities,  To  aid  in  the  systematic  iescription  and 
evaluat^n  of  the  training  devices,  a device  classification  scheme 
and  set  of  21  descriptive  characteristics  were  established.  Twenty- 
eight  maintenance  training  devices  then  weie  selectee  for  study.  A 
structured  interview  format  was  prepare,'  and  on-site  examination  of 
devices  and  instructor  interviews  were  conducted  accordingly.  Con- 
current with  the  field  data  collection,  a survey  of  the  state  of  the 
art  in  training  technology  and  an  analysis  of  he i i copter  mishap  data 
related  to  maintenance  we.  » pei formed, 

2 . 1 Training  Device  Classificat i on  Scheme. 

For  the  purpose  of  this  study  four  major  categories  of  devices 
(Type  I - IV)  were  defined  as  shuwn  in  T d 1 e 1,  As  may  be  seen  in 
the  table.  Type  I devices  include  large,  actual  equipment  trainers 
(AET's);  Type  II  devices  Includi  these  three-dimensional  configurations 
comprised  primarily  of  actual  equipment  components  or  subsystems  and 
which  retain  the  general  spatial  arming'-, nent  of  the  operational  equip- 
ment; Type  If!  u, ‘vices  are  those  typical  "breadboard1’  panels  assembled 
from  actual  equipment  components;  Ty;>?  IV  devices  are  chose  in  which 
the  primary  display  is  a two -dimers i one ’ panel.  The  latter  devices, 
however,  vary  significantly  in  sophistication  and  comp!°xity.  Accord- 
ingly, three  subcategories  were  defined  as  follows:  Type  IV-A  which 

includes  free-standing  hard-vired , roi. -program; lable  panels.  Type  IV-B 
which  includes  those  panel  devices  that  are  partially  programmable 
through  dedicated  electronic  or  electromechanical  circuitry,  and  Type  IV-C 
which  includes  those  panel  devices  that  are  fully  programmable  through 
use  of  a mini-computer  or  microprocessor. 
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Categories  of  Training  Devices 


TYPE  I Devices 

Included  in  this  category  are  composite  actual  equipment  trainers  such  as  the  AH-1G  Composite  Trainer  and 
the  AH-1G  Armament  Systems  Maintenance  Trainer.  Devices  in  this  category  approximate  an  actual  aircraft 
but  may  vary  from  an  actual/flyable  aircraft  in  one  or  more  of  the  following  ways: 

1.  Certain  subsystems/components  may  be  absent  or  replaced  by  wood  or  plastic 
facsimilies,  photographs  (e.g.,  instrument  panel)  etc. 

2.  Actual  aircraft  components  used  may  not  be  airworthy. 

3.  Sections  of  aircraft  skin  may  be  removed  and/or  replaced  with  plexiglass 
panels  to  provide  visual  access  to  system/components. 

4.  Components  may  be  truncated  or  cut  away  to  show  internal  structure/function. 

5.  Device  may  be  mounted  on  skids  or  castor  platform  for  mobility. 

6.  Aircraft  engine  power  may  be  replaced  by  electric  and  hydraulic  power 
carts,  auxilliary  electric  motors,  etc. 

TYPE  II  Devices 

This  category  Qf  device  includes  three-dimensional  constructions  that  use  actual  aircraft  components  in  con- 
junction with  simulated  components,  where  the  device  is  functional  and  demonstrates  operation  of  an  aircraft 
subsystem.  Examples  would  be  the  UH-1D  Fuel  System  Trainer  (DVC  No.  1-71)  and  the  UH-1H  Electrical  System 
Trainer  (DVC  No.  1-73). 

TYPE  III  Devices 

Included  in  this  category  are  all  display  boards  assembled  of  actual  aircraft  components  and  designed  to  show 
sequential  functions  and  interactions  of  the  components.  Component  interconnections  may  be  electrical  (wire), 
mechanical  (e.g.,  control  linkage)  or  hydraulic.  These  devices  are  conmonly  referred  to  as  "breadboards"; 
the  components  function  but  their  interconnections  may  be  perfunctory. 


TYPE  IV  Devices 

This  category  of  devices  differs  from  the  others  in  two  major  respects.  First,  the  display  portion  is  essen- 
tially a two-dimensional  representation  of  the  aircraft  or  system  involved.  Second,  use  of  actual  components 
is  limited  to  providing  a desired  degree  of  realism.  There  are  three  subcategories  as  described  below: 

IV-A:  Included  freestanding,  backlighted,  hardwired  panels  that  demonstrate 

system  functions,  electrical  or  hydraulic  flow,  schematics,  etc.,;  generally 
include  an  instructor  panel  for  device  operation  and  problem/malfunction 
insertions.  Devices  are  not  intended  for  hands-on  training,  troubleshooting, 
etc.  Examples  would  be  the  AH-1G  Electrical  Systems  Display  Panel  (DVC  No.  1-79) 
and  the  AH-1G  Hydraulic  Systems  Display  Panel  (DVC  No.  1-80). 

IV-B:  Includes  partially  non-proqrammable  control/display  devices  including  hardwired 

and/or  computer  operated.  These  devices  generally  consist  of  (1)  an  animated, 
backlighted  panel,  (2)  backlighted  facsimile  of  pilot  caution  liqht  panel, 

(3)  set  of  large,  functional  meter  displays,  (4)  a simulated  but  functional 
cockpit  with  selected  controls,  switches  and  displays,  (5)  an  instructor 
console  for  device  operation  and  problem  insertion  and,  (6)  a dedicated  computer 
for  device  operation.  An  example  would  be  the  UH-1H/T53-L-13A  Engine  Trainer. 

IV-C:  This  subcategory  includes  programmable,  computer  operated  training  devices 

such  as  the  EC2,  EC3.  The  basic  console  and  computer  may  be  used  with  a 
range  of  display  panels  and  programmed  via  magnetic  tape  for  any  given 
panel/system  of  interest.  These  devices  afford  extensive  problem/fault 
insertions,  student  input  and  feedback  to  student  input. 
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Descriptive  Characteristics  of  rraining  Devices. 

To  develop  descriptive  profiles  for  the  training  device  of 
concern,  twenty-one  characteristics  were  identified  and  operationally 
defined  as  shown  in  Table  2.  The  first  10  characteristics  pertain 
to  the  device  configuration  and  functioning;  items  11  through  17 
concern  the  type  of  skills  imparte  ‘ arid  f revision  for  student-device 
interaction;  items  18,  19  and  20  pertain  to  tre  mode  ana  frequency 
of  device  usage;  :tem  21  is  the  cost  range  of  the  device. 

2 . 3 Training  Devices  Selected  for  Study. 

In  concert  with  the  Contract  Technical  Monitor  and  other 
cognizant  Government  personnel  a total  of  28  devices  were  identified 
for  study.  Table  3 lists  the  devices  by  type  (as  defined  in  Table  1), 
the  code  number  of  each  device  as  designated  in  Department  of  the  Army 
'amohlet  310-12,  j_nd  _x  -nd  .ascription  of  Army  Training  Devices, 
Octooer, 1975  (with  clunges  ualed  30  May, 1975),  and  the  location  at 
which  the  device  was  eramin.'d  (Fort  Eustis,  For:  R'cker  and/or 
Aberdeen  Proving  Ground).  A picture  of  each  device  is  presented  in 
Appendix  A. 

2.4  Interview  Format. 

Instructors  of  helicopter  maintenance  ana  training  supervisors 
were  interviewed  in  the  field  to  identify  current  uses  of  the  selected 
training  devices,  to  ascertain  the  perceived  training-effectiveness 
of  those  devices,  and  to  obtain  suggestions  for  improvement  of  present 
and  future  devices.  The  interviews/discussions  were  guided  by  the 
following  format: 

1.  Discussion  of  the  major  training  objectives 
associated  with  use  of  tne  device. 

2.  Major  advantages  and  hmi Actions  of  the  device 
as  seen  by  the  instructor. 

3.  Possible  modifications  that  would  make  the  device 
more  training  effective. 

4.  Possible  additional  devices/rnaterial s to  be  used 

with  the  main  device  to  increase  training-effectiveness. 
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the  extent  to  which  the  device  is  free  of  electrical,  thermal  and 
mechanical  hazards  under  both  normal  and  improper  use. 


Type  IV-C  Devices 

D A Pamphlet  310-12  (None  reviewed) 

E = Ft.  Eustis 
R = Ft.  Rucker 
A = Aberdeen  Proving  Ground 


5.  Discussion  of  possible  alternatives  to  the  device 
(e.g.,  a different  type  of  device). 

6.  Characteristics/entry  skills  of  the  trainee  population 
in  relation  to  effective  use  of  the  training  device 

or  alternative  devices. 

7.  Mode  of  instruction  (self-paced,  lock-step,  classroom/ 
laboratory) . 

8.  Observation  of  the  device  being  used  in  class,  and/or 
having  the  device  demonstrated  by  the  instructor. 

Interviews  and  discussions  were  conducted  with  a total  of  37 
instructors  and  other  cognizant  personnel  at  the  following  sites: 

U.  S.  Army  Aviation  Center,  Fort  Rucker,  Alabama;  U.  S.  Army  Trans- 
portation School,  Fort  Eustis,  Virginia;  U.  S.  Am\y  Aviation  Systems 
Command,  St.  Louis,  Missouri;  U.  S.  Army  Ordnance  Center  and  School, 
Aberdeen  Proving  Ground,  Maryland;  PM-TRADE,  Orlando,  Florida. 

2 . 5 State  of  the  Art  in  Training  Technology. 

Information  concerning  presently  available  training  systems 
was  obtained  (1)  by  a questionnaire  sent  to  a sample  of  training 
equipment  manufacturers,  (2)  through  attendance  at  the  1976  Convention 
of  the  Society  of  Advanced  Learning  Technology,  Washington,  D.  C.  and 
the  9th  Annual  Naval  Training  Equipment  Center/Industry  Conference  in 
Orlando,  Florida  (November,  1976)  and,  (3)  from  the  general  literature 
on  training  technology. 

2.6  Helicopter  Mishap  Data  Related  to  Maintenance  Training. 
Helicopter  mishap  data  related  to  maintenance  were  obtained 

from  reports  published  by  the  U.  S.  Army  Agency  for  Aviation  Safety 
(USAAAVS),  Fort  Rucker,  Alabama. 

3.0  RESULTS 

3.1  On-site  Review  of  Training  Devices  and  Interviews  of  Instructor 
Personnel . 

Each  of  the  28  training  devices  was  examined  on  site  by  having 
the  device  demonstrated  by  an  instructor  and/or  observing  the  device 
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while  it  was  being  used  in  class.  Direct  examination  of  the  devices 
revealed  no  significant  opportuni ties  for  improvement  through  modifi- 
cation. Minor  improvements  could  be  i lade  in  the  larger  items  of  AET 
by  increasing  visual  access  to  components  that  are  presently  enclosed. 
Also,  the  operating  noise  level  of  the  large  electrical  and  hydraulic 
systems  is  excessive,  requiring  on-site  construction  of  sound  enclosures. 
This  is  seen  as  the  only  feasible  nltfr.'jtive  for  existing  equipment. 
However,  future  procurements  should  speciiy  an  upper  limit  of  operating 
noise,  certainly  below  yO  db  and  preferably  no  more  than  55  db  if 
possible. 

A major  limitation  of  all  of  the  training  devices  examined  was 
insufficient  provision  for  fault  'nsertv:  i and  direct  student-device 
interaction  whereby  operating  and  troubleshooting  skills  could  be 
learned/practiced  in  a hands-on,  self-paced  context.  Retrofitting 
the  existing  devices  to  ptov'de  this  capability,  however,  is  judged 
to  be  impractical. 

The  results  of  th.-  inset  actor  interviews  may  be  summarized  as 

follows: 

1.  The  majority  ot  instructors  had  ;■  favorable  attitude 
toward  the  training  devices  at  their  disposal.  They 
felt  chat  the  devices  did  meet  the  requirements  of 
their  ssociated  training  objectives. 

2.  A strong  oreference  was  expressed  for  the  use  of  actual 
equipment:  for  maintenance  1. 1 ’nirg.  As  stated  by  one 
instructor  "the  ideal  train im  device  is  an  actual 
aircraft."  This  view,  however,  was  not  unanimous. 

3.  Advantages  of  ti.o  AET's  were  generally  expressed  in 
terms  of  "being  close  to  the  real  thing".  To  the  extent 
that  criticism  of  AET  occurred  it  was  directed  mainly  at 
those  components  that  had  been  replaced  by  photographs, 
wooden  facsimiles,  etc. 

4.  Regarding  the  capability  tc  insert  malfunctions  and  train 
diagnosis/troubleshooting  on  the  AET's,  most  felt  that 
this  was  "adequate"  but  that  an  increase  ir,  such  capabil- 
ity would  be  welcomed  and  utilized. 

5.  fuggestions  for  improvements  in  the  existing  training 
devices  were  limited  to  minor  modifications  such  as 
greater  visual  access  to  subsystems/components  and 
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a reduction  in  operating  noise  levels  for  certain  devices 
(e.g.,  the  AH-1G  electrical  and  hydraulic  systems  trainer). 

6.  There  was  strong  opposition  to  modification  of  actual 
hardware  to  "make  it  into  a trainer"  when  the  resulting 
device  "would  cost  more  than  the  original,  unmodified 
equipment". 

7.  Concerning  possible  alternatives  to  AET  such  as  computer 
operated  panel  type  devices,  most  had  had  little  or  no 
experience  with  such  devices  and,  therefore,  could  not 
comment  on  this. 

8.  Concern  was  expressed  over  a trend  away  from  the  teaching 
of  "theory"  and  too  much  emphasis  on  rote  procedures. 

9.  At  each  of  the  training  schools  there  was  concern  over 
the  inability  of  many  incoming  students  to  adequately 
read  and  comprehend  text  material,  charts,  graphs  and 
diagrams.  Tape-slide  programs  were  seen  as  a partial 
solution  to  this  problem  in  teaching  helicopter  main- 
tenance. 

10.  While  the  panel  type  devices  (e.g,,  AH-1G  electrical 
systems  and  AH-1G  hydraulic  systems)  were  considered 
effective  for  lecture/classroom  use,  they  were  described 
as  being  of  little  or  no  value  in  a self-paced  mode  of 
instruction.  (Self-paced  instruction  is  utilized  exten- 
sively at  Fort  Eustis  and  Fort  Rucker). 

The  foregoing  comments  indicate  a need  for  device  improvement 
in  the  following  areas:  (1)  fault  insertion,  (2)  training  of  concepts/ 

theory  and  the  use  of  abstract  representations  (diagrams,  graphs, 
schematics,  drawings)  in  performing  maintenance  and,  (3)  capability 
for  student-device  interaction  consistent  with  a program  of  self-paced 
instruction.  That  specific  alternatives  to  existing  devices  were  not 
suggested  by  the  instructors,  whereby  these  needs  could  be  met,  is 
attributed  to  their  lack  of  experience  with  the  programmable,  inter- 
active devices  that  only  recently  have  become  available. 


3.2  Training  Device  Profiles. 

On  the  basis  of  on-site  review  of  the  28  training  devices  and 
information  provided  by  the  instructors,  each  device  was  rated  on  a 
three-point  scale  (positive,  intermediate,  negative)  with  respect  to 
the  21  characteristics  shown  in  Table  2.  The  resulting  profiles  are 
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presented  in  Figure  2.  To  facilitate  visual  inspection  of  the  profiles 
the  following  code  was  used:  a positive  rating  is  represented  by  an 

open  circle;  an  intermediate  rating  is  represented  by  a half-filled 
circle;  and,  a negative  rating  is  represented  by  a solid  circle. 

The  profiles  are  grouped  by  type  of  device  as  defined  in 
Table  1.  Since  devices  within  a given  category  are  of  a similar 
generic  configuration,  the  similarity  of  profiles  within  a category, 
as  may  be  seen  in  Figure  3,  was  expected 

Type  I 

The  majority  of  Type  I devices  (large  actual  equipment  trainers) 
all  received  positive  ratings  on  structural  and  functional  fidelity, 
negative  ratings  on  programmability,  update/modifiability,  multi- 
system flexibility,  noise  level,  student-proof(ness) , student  input, 
feedback  to  student  input,  and  cost  ($100,000  or  more  per  copy)  with 
the  remaining  characteristics  generally  receiving  intermediate  ratings. 

Type  II 

The  profiles  for  the  Type  II  devices  (three-dimensional 
assemblies  and  aircraft  subsystems)  are  less  similar  to  each  other 
than  those  of  Type  I devices.  These  devices  generally  received  pos- 
itive ratings  on  structural  and  functional  fidelity,  reliability  and 
maintainability,  availability,  student  access  and  suitability  for 
lockstep  use.  Overall  they  received  negative  ratings  on  programma- 
bility, multi-system  flexibility,  student  input  and  feedback  to  student 
input,  and  suitability  for  self-paced  instruction.  Although  these 
devices  are  comprised  mainly  of  operational  equipment  '•^mponents  they 
serve  primarily  as  demonstration  devices.  The  cost  of  these  devices 
is  in  the  low  to  intermediate  range  (less  than  $100,000  per  copy). 

Type  III 

Only  one  Type  III  device  was  included  in  this  study  (CH-47 
Hydraulic  Board  Trainer).  Since  that  device  is  comprised  of  operational 
components  mounted  in  essentially  the  same  relative  location  as  in  the 
aircraft,  and  since  the  system  is  operable,  it  was  given  positive  ratings 
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on  structural  and  functional  fidelity.  Its  negative  ratings  were  for 
fault  insertion,  programmability,  multi-system  flexibility,  motor  skills, 
student  input,  feedback  to  student  input, and  cost.  This  device  falls 
into  the  high  price  category. 

Type  IV-A 

The  profiles  of  the  eight  Typo  (V-A  devices  (non-prgrammable 
panel  boards)  are  very  similar.  This  is  to  be  expected  since  these 
devices  are  physically  and  functionally  similar,  varying  only  in  the 
subject  matter  displayed  and,  in  specific  instances,  in  the  amount 
of  operational  hardware  (meters,  dials,  switches,  controls)  mounted 
on  them  to  complement  the  primary  graphic/schemat ic  representation. 

The  devices  generally  received  positive  ratings  on  functional  fidelity, 
cognitive  skills,  rel iab il ity/maintainabil ity,  availability,  safety, 
student  proof(ness),  student  access,  noise  level,  lockstep  use  and 
cost.  Most  of  thorn  had  provision  for  a degree  of  fault  insertion  and, 
accordingly,  received  an  intermediate  racing  in  this  category. 

None  of  these  pane!  •■'evices  had  provision  for  the  following 
categories  arvd,  therefore,  were  given  negative  ratings:  motor  skills, 

motor/cognitive,  programmability,  update/modifiability,  student  input, 
feedback  to  student  input,  multi -system  flexibility  and  suitability 
for  self-paced  use.  Since  these-  devices  employed  essentially  two- 
dimensional  pictorial,  graphic  and/cr  schematic  representations  rather 
than  operational  components,  they  received  a negative  rating  on  struc- 
tural fidelity.  However,  those  panels  that  incorporated  a noticeable 
number  of  operational  components  (meters,  switches,  etc.)  were  given 
an  intermediate  rating  in  this  category. 

Type  IV-B 

All  of  the  Type  IV-B  devices  examined  were  engine  trainers.  Two 
were  in  use  (UH-1H/T53-L-13A  Engine  Trainer,  UH-1H/T53-L-13A  Multi- 
Purpose  Engine  Trainer);  one  was  not  being  used  (0H-58A/T63-A-700 
Engine  Trainer)  because  it  had  malfunctioned  and  was  considered 
"unreliable"  by  the  instructors. 
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These  devices  are  a combination  of  two-dimensional  displays 
and  simulated  or  actual  operational  equipment  in  the  form  of  an  air- 
craft cockpit.  System  operation  and  sequencing  are  effected  by  appro- 
priate logic/relay  circuitry  and  servomechanisms  that  are  operated 
via  an  instructor  console  and/or  the  simulator  cockpit  controls. 

As  may  be  seen  in  Figure  2,  these  devices  received  positive 
ratings  on  functional  fidelity,  noise  level,  safety,  cognitive  skills, 
student-proof(ness) , student  access  and  lockstep  use;  negative  ratings 
were  given  for  multi-system  flexibility,  update/modifiability,  motor 
skills,  self-paced  use  and  cost. 

The  two  UH-1  systems  received  positive  ratings  on  reliability/ 
maintainability  and  usage  rate  while  the  OH-58  system  received  negative 
ratings  in  these  categories. 

Type  IV-C 

No  Type  IV-C  devices  (programmable  panel  type  simulators)  were 
included  for  direct  inspection  and  evaluation.  However,  as  will  be 
discussed  later  concerning  the  state  of  the  art  in  training  technology, 
these  devices  represent  cost-training  effective  alternatives/supplements 
to  many  of  the  28  devices  reviewed. 


3.3  Review  of  the  State  of  the  Art  in  Training  Technology. 

Most  of  the  training  devices  reviewed  in  the  present  study 
were  at  least  five  years  old  and  many  were  produced  prior  to  1970. 

In  the  last  three  to  four  years,  however,  significant  advances  have 
been  made  in  information  processing  and  display  technology  that,  when 
applied  to  training,  afford  a substantial  gain  in  cost-training  effec- 
tiveness over  previous  designs  (1,  2,  3,  4). 

Modern  technology  can  provide  training  systems  and  devices 
with  virtually  any  features  desired.  Microprocessors  can  store  vast 
amounts  of  information  and  complex  programs  for  training.  Graphic 
and  alphanumeric  data  from  the  computer  can  oe  presented  on  plasma 
and  CRT  displays,  augmented  by  high  speed,  random  access  transparency 

*. 

projections.  Realistic  panels  that  incorporate  actual  components, 
displays  and  controls  are  available.  These  panels  permit  direct 


interaction  between  the  student  and  microprocessor/mini-computer  in 
the  presentation  of  problems  and  feedback  of  the  results  of  student 
inputs. 

In  addition  to  two-dimensional  displays,  simulated  field 
equipment  and  test  equipment  can  be  utilized  to  any  desirod  level  of 
fidelity  in  the  student-equipinent-dispi ay  computer  loop.  Single  or 
multiple  training  stations  can  bo  oner  .ted  in  conjunction  with  an 
instructor  station  for  proper  systems  control  and  instructional 
sequencing.  Modular  design  permits  expansion  or  contraction  of  the 
system  to  accommodate  varying  training  requirements. 

Specific  system  configurations  range  from  desk-top  models  to 
large  complexes  such  as  that  of  the  integrated  radio  room  of  the 
Trident  Submarine.  With  the  programmable  computers,  training  systems 
can  be  modified  or  updated  to  maintain  correspondence  with  operational 
equipment.  These  modern  systems  are  usually  safer,  quieter  and  less 
expensive  than  the  corresponding  actual  equipment.  And,  there  is  an 
increasing  amount  of  research  evidence  (11-34)  that  simulations 
employing  these  state  of  the  art  techniques  are  less  expensive  and 
are  at  least  as  training-effective  as  actual  equipment,  more  so  in 
certain  applications, 

The  specific  advantages  provided  by  modern  training  technology 
bear  directly  on  those  characteristics  for  which  ma'iy-of  the  28  devices 
reviewed  in  this  study  received  negative  ratings,  i.e.,  fault  insertion, 
programmability,  update/modi  nab il ity,  student  input  and  feedback  to 
student  input,  multi-system  flexibility,  suitability  for  self-paced 
use  and  cost.  Table  4 presents  six  examples  of  contemporary,  inter- 
active training  devices  that  incorporate  the  foregoing  desirable 
training  features.  (Note:  These  examples  are  intended  to  be  repre- 

sentative of  available  training  technology  and  their  inclusion  here 
is  not  to  be  considered  as  an  endorsement).  These  devices  fall  into 
category  IV-C  as  defined  in  Table  1 (programmable  systems  using  two- 
dimensional  displays).  As  may  be  seen  in  Table  4 the  range  of  sophis- 
tication and  complexity  of  such  devices  is  substantial  and  their  cost 
varies  accordingly. 


best  available  copy 
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From  the  definitions  of  device  types  presented  in  Table  1 
and  the  ratings  presented  in  Figure  2,  a generic  profile  for  each 
device  category  was  prepared  as  shown  in  Figure  3.  These  general- 
ized profiles  provide  a basis  for  comparing  the  characteristics  of 
device  types  and  reveal  direct  implications  for  improvement  in  cost/ 
training  effectiveness. 

Most  apparent  are  the  limitations  of  the  traditional  panel 
devices  (Type  IV-A)  in  comparison  to  the  interactive  systems  (Type  IV-C) 
such  as  the.  Educational  Computer  Corporation  EC-3,  the  Burtek  Adaptive 
Learning  System  and  the  General  Electric  Company  GETS  system.  In 
terms  of  overall  cost-training  effectiveness  the  interactive  systems 
make  the  traditional,  non-interactive  panel  boards  obsolete, 

A further  implication  is  the  potential  for  reducing  the  number 
of  large  composite  trainers  (Type  I)  needed  for  maintenance  training. 
Where  multiple  copies  of  large  composite  trainers  ar.  1 associated 
supporting  media  might  normally  be  employed,  a cost/training  effective 
alternative  would  be  to  replace  part  of  the  composite  trainers  and 
most  of  the  ancillary  media  (slide-tape,  etc.)  with  programmable, 
microprocessor  type  devices.  For  example,  an  array  of  3 composite 
trainers  (Type  I),  3 systems  trainers,  (Type  II),  3 hard-wired  panels 
(Type  IV-A)  and  6 different  slide-tape  programs  at  an  estimated  cost 
of  $2  million  could  be  replaced  by  2 composite  trainers,  2 systems 
trainers,  and  5 microprocessor  (Type  IV-C;  devices  at  an  estimated 
cost  of  $1.5  million,  or  a savings  of  $.5  million.  Wnile,  in  actuality, 
the  exact  number  of  devices  of  one  type  cr  another  would  vary,  this 
example  illustrates  the  order  of  magnitude  of  cost  savings  that  could 
be  achieved  while  at  the  same  time  greatly  increasing  the  training 
capability  and  flexibility  of  the  overall  inventory  of  training  devices. 

3 . 4 Helicopter  Mishaps  Related  to  Maintenance . 

Helicopter  mishap  data  from  'eporis  published  by  the  U.  S. 

Army  Agency  for  Aviation  Safety  (USAAAVS)  were  analyzed  to  identify 
implications  for  improvement  in  helicopter  maintenance  training  devices. 
The  reports  covered  13,037  mishaps  (for  the  AH-1G,  UH-1,  0H-6A,  OH-58, 
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Figure  3 --Generic  profiles  of  device  types. 


As  defined  in  Table  1. 
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CH-47  and  CH-54  helicopters)  compiled  over  various  reporting  periods 
from  1 July  1969  through  31  December  1975.  Additional  data  as  reported 
in  FI iqhtfax,  from  March  through  August,  1976,  (12-29)  were  also 
examined. 

The  overall  proportion  of  mishaps  attributed  to  maintenance 
error  was  found  to  be  only  5.7  percent.  Because  of  this  and  the 
diversity  of  specific  mishap  causes  reported,  no  pattern  or  constel- 
lation of  parameters  could  be  identified  that  would  bear  directly  on 
modification  or  improvement  of  maintenance  training  devices.  A summary 
of  the  mishap  data  and  accident  reports  examined  is  presented  in 
Appendix  B. 


4.0  DISCUSSION 

The  object  of  this  study  was  to  develop  specific  recommendations 
for  improvement  of  helicopter  maintenance  training  devices.  One  question 
was  whether  existing  devices  could  be  modified  to  improve  their 
training  effectiveness.  In  reviewing  each  of  the  28  training  devices, 
the  instructors  were  asked  specifically  how  the  device  could  be 
altered  to  improve  its  usefulness.  With  the  exception  of  improving 
visual  access  to  components  of  the  large,  composite  trainers  by  removing 
sections  of  the  skin  and  replacing  them  with  plexiglass,  no  modifi- 
cations of  any  consequence  were  identified. 

Large  items  of  electrical  and  hydraulic  equipment  were  found 
to  have  high  operating  noise  levels  that  interfered  with  communication 
during  training.  This  problem  had  been  reduced  in  part  by  encapsulating 
the  noise  sources  with  sound  absorbing  material  either  on  the  trainer 
or  in  adjacent  enclosures.  Where  major  remodeling  of  existing  AET's,or 
future  procurements  are  contemplated,  acceptable  operating  noise  levels 
should  be  specified.  A reasonable  upper  limit  of  operating  noise  is 
55  decibels.  This  would  permit  conversing  in  a "very  loud  voice"  at 
distances  of  up  to  12  feet  (30). 

A second  avenue  explored  for  training  device  improvement  was 
that  of  augmentation,  i.e.,  using  additional  equipment  in  conjunction 


( ‘TH 


i 

:-K 


M 


; 


: 


19 


with  the  primary  training  device.  Here,  any  significant  alternatives 
would  have  to  extend  beyond  the  ancillary  devices  such  as  slide-tape 
programs,  video  tape,  etc.,  already  in  use  at  the  training  schools. 

One  such  device  was  identified.  It  is  the  Audi-Pointer  system  described 
in  Table  4.  The  device  is  interactive,  programmable  and  is  designed 
for  self-paced  instruction  on  schematic  diagrams,  charts  and  drawings. 

It  would  be  an  excellent  supplement  to  maintenance  training  where 
students  work  with  large  items  of  AET  or  on  a bench  with  operational 
components. 

A third  alternative  for  improvement  of  training  devices  is 
that  of  substitution,  i.e.,  using  a different  type  of  training  device 
in  place  of  one  or  more  already  in  use.  In  effect  this  would  be  to 
replace  items  of  actual  equipment  for  training  with  simulations  and/or 
to  replace  existing  simulations  with  others  that  are  more  cost-training 
effective.  Certainly  from  a cost  standpoint  it  is  desirable  to  reduce 
the  number  of  large,  composite  (Type  I and  II)  training  devices  needed. 
And,  as  was  pointed  out  in  section  3.3  of  this  report,  traditional, 
hard-wired  panel  devices  (Type  IV-A)  are  prime  candidates  for  replace- 
ment by  Type  IV-C  programmable,  interactive  devices  (which  are  of 
comparable  cost  at  today's  prices).  In  thus  replacing  (phasing  out) 
the  traditional  panels  there  will  be  a concurrent  reduction  in  the 
need  for  AET's  because  the  interactive  systems  will  absorb  a significant 
amount  of  the  training  now  done  on  the  AET's.  At  a minimum,  time  now 
spent  on  AET's  for  student  orientation,  familiarization,  procedures 
training,  and  theory  of  operation  will  be  covered  more  efficiently  on 
an  interactive  simulation  system. 

This  is  not  to  say  that  such  systems  should  replace  all  AET. 

" On  the  contrary,  AET  is  necessary  at  some  point  in  the  training  cycle. 

The  issue  is  to  determine  where  that  point  is  and  which  training 
objectives  are  best  achieved  by  it.  As  training  requirements  move 
from  "nuts  and  bolts"  toward  the  more  cognitive  aspects  of  understand- 
ing electronic,  electrical  and  hydraulic  systems,  and  the  acquisition 
of  diagnostic  and  troubleshooting  skills,  the  programmable  interactive 
training  devices  become  more  appropriate  than  actual  equipment.  Such 
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devices  integrate  into  a single  system  much  of  the  media  that  are 
traditionally  used  in  an  ancillary  manner  (e,g,,  slide-tape  programs, 
programmed  texts,  etc.)  while  affording  a substantial  degree  of 
student-system  interaction  and  feedback  of  results.  Furthermore, 
since  such  systems  are  designed  for  self-paced  use,  they  free  the 
instructor  to  concentrate  on  critical  areas  and  to  provide  more  one- 
on-one  instruction. 

An  argument  against  replacing  operational  equipment  with 
simulation  is  that  a certain  amount  of  "realism"  or  structural 
fidelity  is  lost.  However,  in  view  of  the  limited  hands-on  practice, 
diagnosis  and  troubleshooting  afforded  by  existing  AET's,  as  reflected 
in  the  device  profiles  presented  earlier  (Fig.  2,  3),  the  gains  in 
cost-training  effectiveness  far  outweigh  any  loss  accruing  to  reduced 
structural  fidelity. 

In  summary,  the  devices  currently  used  for  helicopter  main- 
tenance training  can  be  improved  by  substituting  modern  programmable 
simulators  for  some  of  the  large  composite  trainers,  systems  trainers 
and  hard-wired  panels.  In  so  doing,  the  following  benefits  would 
accrue: 

(1)  greater  opportunity  for  self-paced  instruction 
with  immediate  feedback  of  results. 

(2)  more  effective  instruction  of  procedures, 
diagnosis  and  troubleshooting. 

(3)  more  efficient  use  of  instructor  time. 

(4)  integration  of  various  media  currently 
used  separately. 

(5)  increased  safety  to  students  and  instructors. 

(6)  reduced  ambient  noise. 

(7)  reduced  power  requirements. 

(8)  greater  flexibility  in  training  presentations 
including  updating  and  modification. 

(9)  no  loss  of  capability  to  teach  motor  skills 
provided  adequate  complement  of  AET  is  retained. 

(10)  reduced  cost. 
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5.0  CONCLUSIONS 

The  following  conclusions  are  drawn  with  regard  to  U.  S.  Arniy 
helicopter  maintenance  training  devices: 

1.  The  existing  devices  have  several  shortcomings 
including  high  cost  and  limited  capability  to  implement 
established  principles  of  learning  theory,  e.g.,  self- 
paced  instruction,  student-device  interaction,  and 
feedback  of  results. 

2.  Possible  improvements  through  modification  of 
existing  devices  are  very  limited  and  take  the  form  of 
greater  visual  access  by  replacing  sections  of  housings, 
skin,  etc.,  with  plexiglass;  reduction  in  operating  noise 
levels,  and  updating  by  replacement  of  appropriate 
components. 

3.  Current  instruction  with  AET  typically  requires 
use  of  ancillary  media  such  as  tape-slides,  video,  hard- 
wired panel  boards,  breadboards  and  miscellaneous  printed 
materials.  This  contributes  indirectly  to  the  overall 
cost  of  training  based  on  AET. 

4.  Use  of  large,  composite  trainers  for  orientation, 
familiarization  and  training  on  components/subsystems  is 
not  cost  effective  in  view  of  alternatives  provided  by 
simulation. 

5.  Use  of  AET  for  training  electronics  troubleshooting 
and  maintenance  is  not  cost  effective  in  view  of  alternatives 
provided  by  simulation, 

6.  Physical  fidelity  of  AET  does  not  automatically 
guarantee  optimal  training  effectiveness  or  transfer  of 
training  to  the  field.  Procurement  of  AET  should  be  sub- 
jected to  the  same  criteria/justification  of  cost/training 
effectiveness  as  currently  placed  on  simulation. 

7.  Recognizing  the  need  for  the  development  of  basic 
motor  skills  in  the  use  of  tools  and  installation,  removal, 

j 

i 


22 


r 


s' 


etc,,  of  equipment/components,  some  amount  of  AET  will 
remain  essential,  However,  AET  should  not  be  used  at 
the  expense  of  other  vital  aspects  of  training  such  as 
the  opportunity  for  repeated  practice  of  skills,  contin- 
uous testing  of  knowledge  gained,  self-paced  training 
and  feedback  of  results, 

8.  The  state  of  the  art  'n  training  technology  offers 
significant  alternatives  or  supplements  to  AET.  The  key 
elements  of  the  state  of  tne  art  are  its  microprocessor 
technology;  interactive  displays  including  plasma  panels, 
CRT's  and  programmable,  high  speed,  random  access  projection 
systems;  modular  design  for  system  expansion  or  contraction; 
and  multi-system  capability  via  interchangeable  display 
panels  and  computer/microprocessor  programmability. 

9.  The  single  best  approach  to  improvement  of  helicopter 
maintenance  trailing  devices  is  to  expand  the  utilization  of 
programmable,  microprocessor  simulators  in  conjunction  with 
properly  selected  items  of  AET.  Such  systems: 

(1)  cost  roughly  one-tenth  that  of  a large, 
composite  trainer. 

(2)  significantly  reduce  the  need  for 
traditional,  hard-wired  panels  and 
ancillary  tape-slide  programs. 

(3)  operate  in  accordance  with  established 
principles  of  training/instruction. 

(4)  are  safer  and  quieter  to  use. 

(5)  require  less  space  and  power  than 
actual  equipment  trainers. 

(6)  are  easier  and  less  expensive  to 
modify  and  up-date. 

6.0  RECOMMENDATIONS 

The  following  recommendations  are  made  with  respect  to  the 
28  helicopter  maintenance  training  devices  studied. 


23 


7 


A 


Type  I 


1.  AH-1G  Composite  Trainer  and  AH-1Q  Composite  Trainer 

It  is  recommended  that  each  copy  of  this  trainer  procured 

in  the  future  be  supplemented  with  four  or  five  interactive  panel  type 
simulators  with  the  object  of  reducing  the  total  number  of  composite 
trainers  needed,  i.e,,  where  two  copies  of  the  composite  trainer 
might  otherwise  be  procured,  substitute  one  copy  of  the  trainer  and 
four  or  five  simulators.  It  is  further  recommended  that,  if  and  when 
the  student  load  exceeds  the  present  capacity  of  existing  composite 
trainers  and  additional  equipment  is  contemplated,  the  aforesaid 
simulators  be  obtained  in  lieu  of  additional  composite  trainers. 

2.  AH-1G  Armament  Systems  Trainer 

While  this  device  is  capable  of  firing  a live  ammunition  it 
is  not  so  used.  It  is  utilized  primarily  for  pilot  orientation  and 
preflight  checks.  Considering  its  minimal  present  use  for  maintenance 
training  and  the  fact  that  maintenance  personnel  have  limited  access 
to  weapons  systems  under  operational  conditions  (typically  during  and 
immediately  after  firing)  where  they  might  improve  their  skills  on  the 
job,  it  is  recommended  that  basic  training  and  orientation  be  relegated 
to  an  appropriate,  less  costly  simulator. 

3.  AH-1G  Armament  Systems  Maintenance  Trainer 

This  device  is  used  to  train  electronic  and  electrical  trouble- 
shooting and  correction.  Much  of  the  internal  circuitry  of  the 
operational/test  equipment  is  not  necessary  for  training  purposes. 
Student-system  interfaces  can  be  appropriately  simulated  at  a substantial 
savings  in  cost,  with  concurrent  improvement  in  training  device  reli- 
ability/maintainability. 

4.  0H-58A  Composite  Systems  Trainer 

The  recommendations  made  above  for  the  AH-1G  Composite  Trainer 
apply  equally  to  this  device:  each  copy  should  be  supplemented  with 

4-5  interactive  simulator  (Type  IV-C)  devices  to  reduce  by  half 
the  number  of  composite  trainers  needed. 
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Type  II 

1.  AH-16  Electrical  and  Hydraulic  Systems  Trainer 

This  device  was  found  to  be  non-cost/training  effective.  It 
is  large,  extremely  noisy  (ear  protection  is  required)  and  expensive. 
It  has  little  provision  for  student  practice  or  interaction,  and 
minimal  capability  for  fault  insertion.  At  +he  time  it  was  examined 
it  was  inoperative  due  to  malfunctions. 

It  is  recommended  that  the  training  objectives  for  this  device 
be  reviewed  and  reallocated  to  less  expensive,  more  effective  oper- 
ational part-task  trainers  or  simulators.  It  is  recommended  further 
that  major  refurbishment  of  the  device  or  procurement  of  additional 
copies  not  be  undertaken  without  a detailed  consideration  of  the  fore- 
going alternatives. 


2.  UH-1A  Flight  Contk  1 and  Transmission  Trainer 

This  device  is  used  for  demonstrating  operation  of  the  flight 
controls  and  transmission  system.  It  should  be  improved  by  providing 
greater  visual  access  to  the  gear  assemblies  and  other  unexposed 
components. 

3 . UH-1D  Fuel  System  Trainer 

This  device  demonstrates  effectively  the  operation  of  the 
UH-1D  fuel  system.  However,  it  is  essentially  a demonstrator  and 
students  do  not  disassemble,  adjust,  or  otherwise  physically  interact 
with  it.  The  device  cost  approximately  $50,000  when  it  was  purchased 
in  1968.  If  and  when  it  is  to  be  replaced  it  is  recommended  that  its 
training  functions  be  allocated  to  an  interactive  panel  type  simulator. 

4.  UH-1D  Maintenance  Trainer 

This  device  is  judged  to  be  appropriate.  No  recommendations 
for  modification  or  replacement  are  made. 


5.  UH-1D  Power  Plant  T-53-L-11  Trainer 

This  device  is  a dynamic  model  of  the  T-53-L-11  engine.  It  is 
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considerably  less  expensive  than  the  operational  equipment  and,  because 
of  its  complexity  and  dynamic  features,  it  could  not  be  effectively 
replaced  with  a two-dimensional  representation.  Its  configuration  is 
judged  to  be  appropriate  for  its  training  objectives. 

6.  UH-1H  Electrical  Systems  Trainer 

No  modifications  or  substitutions  are  recommended  for  this 
device.  Its  configuration  is  judged  to  be  appropriate  for  its  training 
objectives. 

7.  QH-6A  Fuel  Systems  Trainer 

No  modifications  or  substitutions  are  recommended  for  this 
device.  Its  configuration  is  judgod  to  be  appropriate  for  its  training 
objectives. 

8.  0H-6A  Fuel  Systems  Trainer 

This  device  is  a three-dimensional  static  display  comprised 
of  actual  and  simulated  fuel  system  hardware.  It  should  be  phased 
out  in  favor  of  a high  quality  two-dimensional  representation. 

9.  0H-6A  Power  Plant  T63-A-5A  Trainer 

This  device  is  a dynamic  model  of  the  T63-A-5A  engine.  It  is 
considerably  less  expensive  than  the  operational  equipment  and, 
because  of  its  complexity  and  dynamic  features,  it  could  not  be 
effectively  replaced  with  a two-dimensional  representation.  Its 
configuration  is  judged  to  be  appropriate  for  its  training  objectives. 

10.  CH-47A  Tubular  Utility  Hydraulic  Systems  Trainer 

The  design  and  use  of  this  device  are  judged  to  be  appropriate. 
No  recommendations  for  modification  or  substitution  are  made. 

11.  CH-47C  Electrical  Systems  Trainer 

The  design  and  use  of  this  device  are  judged  to  be  appropriate. 
No  recoronendations  for  modification  or  substitution  are  made. 
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Type  III 

1,  CH-47A  Hydraulic  Board  Trainer 

To  the  extent  that  this  device  is  used  by  students  to  practice 
installation,  removal  and  adjustment  of  components  it  is  judged  to  be 
appropriate.  To  the  extent  that  it  serves  only  as  a demonstrator,  it 
should  be  phased  out  and  replaced  by  a dynamic,  two-dimensional,  repre- 
sentation retaining  only  those  three-c’iniensional  actual  equipment 
components  deemed  necessary. 


Type  IV-A 

All  of  the  following  traditional  panel  devices  should  be  phased 
out  and  replaced  with  interactive,  programmable  systems  employing  single 
or  multiple  (interchangeable)  panels: 

1.  AH-1G  Electrical  Systems  Display  Panel  (1-79) 

2 . AH-1G  Hydraulic  Systems  Display  Panel  Trainer  (1-80) 

3.  UH-1B  Electrical  Systems  Panel  Trainer  (1-70) 

4.  UH-1B  Fuel  Systems  Trainer  (1-69) 

5.  0H-58A  Electrical  Systems  Panel  Trainer  (1-83) 

6.  QH-58A  Instrument  Systems  Panel  Trainer  (1-84) 

7.  0H-58A  Fuel  Systems  Panel  Trainer  (1-85) 

8 . 0H-58A  Eng ine  Oil  Systems  Trainer  (1-86) 


As  shown  previously  (Figures  2,  3),  interactive  devices  (Type  IV-C) 
are  superior  to  the  traditional  panel  devices  (Type  IV-A)  in  fault 
insertion,  programmability,  update/modifiability,  student  input,  feed- 
back to  student  input,  multi -system  flexibility,  self-paced  use  and 
in  teaching  motor/cognitive  skills.  While  the  initial  procurement 
of  an  interactive  system  may  be  somewhat  higher  than  a single  traditional 
panel  device,  the  cost-training  effectiveness  would  be  significantly 
greater  for  the  interactive  system.  In  some  instances,  the  initial 
cost  of  the  interactive  system  would  be  less  than  that  of  the  traditional 
panel  device  since  the  latter  cost  about  540,000  to  $75,000  per  copy. 
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The  three  devices  reviewed  in  this  category  were  engine  trainers, 
used  primarily  to  train  pilots  in  proper  engine  starting  and  oper- 
ating procedures  and  to  train  maintenance  personnel  to  recognize  and 
troubleshoot  malfunctions.  The  UH-1H  Trainers  received  very  favorable 
comments  from  instructors.  The  0H-58A  Trainer  was  reported  to  be 
functionally  unreliable  and  was  not  in  use. 

These  devices  cost  approximately  $250,000  each  when  purchased 
in  1968.  Although  a simulated  cockpit  is  provided  with  each,  whereby 
a student  can  interact  with  the  system,  they  are  essentially  classroom 
demonstration  devices.  Whether  or  not  the  cost  of  such  devices  is 
justified  on  the  basis  of  pilot  training  is  beyond  the  purview  of  the 
present  study.  As  a procedures  trainer  for  maintenance  personnel. 


however,  their  cost  can  not  be  justified  in  relation  to  the  training 
benefits  provided.  If  such  devices  are  to  be  continued  for  use  with 
pilots,  it  is  recommended  that  the  present  practice  of  including  main- 
tenance personnel  be  continued.  However,  from  the  standpoint  of  train 


ing  maintenance  personnel  apart  from  pilots,  or  in  the  absence  of  access 
to  these  large  engine  training  devices,  the  starting,  operating  and 
troubleshooting  procedures  can  be  trained  more  effectively,  and  at 
70%  to  80%  less  cost  (of  equipment)  with  smaller  programmable  systems. 

Accordingly,  the  latter  alternative  is  recommended  if  and  when  the  fore- 
going conditions  occur. 

j 

u 

Type  IV-C 

No  training  devices  in  this  category  were  reviewed  on-site. 


★ ★ ★ 
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APPENDIX  A 


Pictures  of  the  Training  Devices  Selected  for  Study 


Device 

No . 

Page 

AH-1G  Composite  Trainer 

1-31 

a-1 

AH-1Q  Composite  Trainer  (no  picture) 

-- 

-- 

AH-1G  Armament  Systems  Trainer 

1-34 

a-1 

AH-1G  Armament  Systems  Maintenance  Trainer 

1-33 

a-1 

0H-58A  Composite  Systems  Trainer 

1-81 

a-2 

AH-1G  Electric  & Hydraulic  Systems  Trainer 

1-32 

a-2 

UH-1A  Flight  Control  & Transmission  System 
Trainer 

1-68 

a-2 

UH-1D  Fuel  System  Trainer 

1-71 

a-3 

UH-1D  Maintenance  Trainer 

1-72 

a-3 

UH-1D  Power  Plant  T53-L-11  Trainer 

1-37 

a-3 

UH-1H  Electrical  System  Trainer 

1-73 

a-4 

0H-6A  Composite  Trainer 

1-63 

a-4 

0H-6A  Fuel  System  Trainer 

1-65 

a-4 

0H-6A  Power  Plant  T63-A-5A  Trainer 

1-36 

a-5 

CH-47A  Tubular  Utility  Hydraulic 
Systems  Trainer 

1-47 

a-5 

CH-47C  Electrical  Systems  Trainer 

1-46 

a-5 

CH-47A  Hydraulic  Board  Trainer 

1-50 

a-6 

AH-1G  Electrical  Systems  Display  Panel 

1-79 

a -6 

AH-1G  Hydraulic  Systems  Display  Panel  Trainer 

1-80 

a-6 

UH-1B  Electrical  System  Panel  Trainer 

1-70 

a-7 

UH-1B  Fuel  System  Trainer 

1-69 

a-7 

0H-58A  Electrical  Systems  Trainer 

1-83 

a-7 

0H-58A  Instrument  Systems  Panel  Trainer 

1-84 

a-8 

0H-58A  Fuel  Systems  Panel  Trainer 

1-85 

a-8 

0H-58A  Engine  Oil  Systems  Trainer 

1-86 

a-8 

UH-1H/T53-L-13A  Engine  Trainer 

1-89 

a-9 

Uh-1H/T53-L-13A  Multi-Purpose  Engine  Trainer 

1-90 

a-9 

0H-58A/T63-A-700  Engine  Trainer 

1-99 

a-9 
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Appendix  B 

Helicopter  Mishap  Data  Related  to  Maintenance 

Helicopter  mishap  data  compiled  from  reports  published  by 
the  U.  S.  Army  Aviation  Agency  for  Aviation  Safety  (USAAAVS)  is 
presented  in  Table  B-l,  The  reports  (references  6-11)  were  for 
varying  periods  between  1 July  1969  and  31  December  1975  for  the 
AG-1G,  UH-1,  0H-6A,  OH-58,  CH-47  and  CH-54  aircraft. 

As  shown  In  Table  B-l,  of  a total  of  13,037  mishaps  reported, 
738  (5.7%)  were  attributed  to  maintenance  error,  6803  (52,2%)  to 
material  malfunction/failure,  3772  (28,9%)  to  crew  error  and  1724 
(13.2%)  to  "other".  The  total  mishaps  Included  1043  fatalities, 

2053  injuries  and  an  estimated  financial  (material)  loss  of 
$269,641,333. 

Table  B-2,  compiled  from  mishap  reports  published  in  Flightfax, 
for  March  through  August;  1976  (references  12  - 28)  illustrates  the 
diversity  of  specific  causes  associated  with  helicopter  mishaps. 


Table  B-l  — Summary  of  Helicopter  Mishap  Data 
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Table  B-2  — Sample  of  Maintenance  Mishaps  Reported  in 
FlIghtFax  (February  through  August  1976) 
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